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(54) CRYSTAL GROWTH METHOD OF COMPOUND SEMICONDUCTOR MIXED CRYSTAL AND 
COMPOUND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound 
semiconductor mixed crystal which is enhanced in 
crystal quality preventing the coaggulation of component 
elements, fluctuation in composition, and phase 
separation from occurring owing to nonmiscibility by a 
method wherein the growth of a compound 
semiconductor mixed crystal possessed of a nonmiscible 
region composition in a thermal equilibrium state is 
interrupted, and a compound semiconductor layer which 
is of the same component elements and possessed of a 
miscible region composition is grown. 
SOLUTION: In a process where a compound 
semiconductor mixed crystal 3a possessed of 
nonmiscible region composition in a thermal equilibrium 
state is grown, the growth of the compound 
semiconductor mixed crystal 3a is interrupted, and a 
compound semiconductor thin film 3b which is of the 
same component elements with the compound 
semiconductor mixed crystal 3a and possessed of a 
miscible region composition in a thermal equilibrium state is grown. The growth of the compound 
semiconductor mixed crystal 3a is interrupted, by which coaggulation of component elements, 
fluctuation in composition, and phase separation are prevented from occurring due to 
nonmiscibility. The compound semiconductor thin film 3b is inserted, by which the grown 
compound semiconductor mixed crystal 3a is restrained from affecting the compound 
semiconductor mixed crystal 3a that is successively grown. 
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[0089] 

In the above-described embodiments 1-8, growth examples of 
compound semiconductor mixed crystals having composition in an 
immiscible region, and examples of manufacturing compound 
semiconductor devices comprising the compound semiconductor mixed 
crystals, according to the present invention are described. As the 
immiscible compound semiconductor mixed crystals, growth examples of 
GalnNAs or AlGalnNAs is described as compound semiconductors 
comprising N and V group other than N, but the crystal growth process of 
the present invention is also applicable to III-V group compound 
semiconductor mixed crystals such as GalnNP and GalnNSb comprising 
P and Sb as V group elements other than N. And, growth examples of 
GaAsSb or ZnSTe is described as other III-V group or II-VI group 
compound semiconductor mixed crystals. It is needless to say that the 
crystal growth process of the present invention is also applicable to any 
other compound semiconductor mixed crystal having composition in the 
immiscible region, in addition to the above-described growth examples. 
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a) te, Tl&^G a I n NA s f§ (3 a) tOg£»£§tt 

[0 0 5 4] If At^G a A s/fco/iii^ LT 

ti\ *»Wfd^fifc$tbSG a I nNAsJI^Ga A s if 

a I nNA s^i^Si^H^TttSCi 
as#3:Lv\ JMfrfftlcfi, ffAf^G a A s m^MW-t 
LTtt, 10MLS«it5wiW*U\ 

[0055] (mt&<Dmm4) *&w<nnm&m3k l 

T, G a A s S^±{C^»i l ^ og S M B E I: 
fi6fi + co»iS«^j|R|iiJf (RHEED) MJ;*)^ 
®^S^Ii^L^^^ % Ga InNAs?li«gt, 
RHEED/^-XOtt^CT, Ga I nNAsJI 

^(do^T^-T 0 ^4b\ ^H»^^4o^T, Gain 
N A s JlOia^ttG a A s I n 7 . 

1%, N2. 5%<Dt>(Db Lfc D 

[0056] [01-1] *lRja>k^«^«A»fd*fri- 

{b^IH5(C^i- 0 Ga I nNAs|«^ U Ga 
A s m ^IfA-r 5 :i/i< L?t^ % Ee]&f ^ >K 

2xh*««ttB5 (a) \C7jk~rmz y ^^TOLtt 

(GaN, I nNfc^VMl I n G a N) CO/^^-f- y 

[0 0 5 7] :ill:^LT, **«rBI<*LT, SSt^tK 

aAslMSUci^ g]5 (b) IC^-f^lC, ©iff 
^^^K¥<ttStt, GaAsi^ttt,l:l5iaL 

Lfc^, ^t/, fiL^fCGa I nNAsi^ILf; 
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[0 0 5 8 ] -ftlditU G a I n N A s Jl<0/£fi£:R 
7&>ofc»£\ 0 5 (c) GaAsiWBI 

-r\ ft#ft«*ii»b*L**»ofc 0 to 

[0 0 5 9] ±tac?)^{C x G a I n NA s/&^jf ^®CQ 

tlT'fc5G a A s®^tfAi-5r £lCj; 9, lififtritft <t 

[0 0 6 0] *«SJtt»CjeH-*"5tt*^*^fei:6Jl 
fftt, fiMMMK Ga I nNAsW B M^l:^t 

aW*«**»oW»Sr«WL, S«/«cJf/S4>[5]«Ji£ 2 o 

[oo6i] *nm<DMmcis\,^xi*, a««B«>i&& 

ftttSrftStS^a^LtRHEEDtfflv^s, *® 

LTtiV^ ricfiEWS«<RHEED« 
^t^^MOVPEfc{:«^:^II:*3V>Tt)iv^^, 

[0062] (nisojKii 5 ) ^m<ommmm stL 

"C, Iftfffil i:I^SWGSMBE^<toT, Gal so 
n N A s - S QW^^tl if6 l^"f^« I 

[00 6 3] i6m^t, :wi9/j:Ga InNAs 
- S QW^ilrri* 5,45 m&m *m-f « Ftf* 

Tte, n^Ga As (100) (1) ll^nlGa 

A s frhtl^W-Z 0. 5 n m^y77- S (6) , n 
IJA 1 0.3 Gao.7 As ^b45f $ 1 MmWni^7'7 
KJB (7) „ n^G a A s 36*?>*Sff * 0. 15 jtx mtf> 
nS^ K8 (8) % T 1/ K—^G a 0.929 I n 0.071 N 40 
0.025 As 0.975 ^^45SQWf (9) N p^GaAs 
^bftSff * 0. 15 /im^pW Kl (10) , p 
SJA 1 0.3 G a 0.7 As £>t>tt£JV3 0. 5 /i m<Dp^ 
7-;Kl (11) , p^G a A s frhftZmZ 0 . 1 u 
m(D^>?$ YM (12) £GSMBE?£l;iJ;oT!ili#; 

[0 0 6 4] rc7) J: #*W*JBdsSUB*fi $ ' 

thtz'&s P S A 1 0.3 G a 0.7 A s ^ 7 y KJ1 (11) *5 
il/plGaAsny^ni (12) £B£:£^5> so 



L , 7lf 'J S K^O^SMi (1 3) tpS^y K 
IgJ ( 1 1 ) , p§g3>^^hJB(i2) «3iy^>yfift 

±W«Hi (14), T8MM (15) frJfcfiKU V y ^ 

[0 0 6 5 ] -0)*m&l'-ViZ&M%sti&ffi^X/2 - 
HR (9 0%) ^-vw ^£JfeLfc:R«8t\ 3St^i£^ 

1. 3 /1 miciov^r, ^?aignK«ig^aii&$^, 

f!lil5mA s MliO. 3 5W/AT^of; 0 £ 7c . 

£tc«fc 0«*ttttHS:fTofc*SJ|i, 1 0 0 0 0B#r«ia± 
(ig»««E*saW««Ei «9 2 0%ti^5^rfl) 

[0 0 6 6] ^UKDJ^IC *3BWfc 

[0 0 6 7] H!fi^lB 1 5 K*5V> 

Ga InNAsOjJtfiCfcfcD, N7^/^Nl 
ilfcGSMBEfe (&<03BS*«*«fe, fet^tfN* 

^^M^LtGSMBEj£$rfflv^t)J:<, ^^c, 
MOV P EMffl^T tIBlf c <b (If 

[0 0 6 8] *7C, ±IE<0||JfiJKffi(C*5V^r, G a A s 

J:o/c^^ ^fMcO@ip:<DG a InNAsl^Mlf: 
&fj&T\ I n^oJtO 5 , N^^/KO^^ffjhLT, G 
aAs^cg^rfTV>, G a A s SI^^i»f5 C t iZ 
ct "9 , ffim<Dmm<nG aAsl^Ga I n N A s 

[0 0 6 9] J^±C0^^^1^^H^^5(Cjo^ 
t, Gal nNAsm<DmtcWA^Z<k&VO*mftm<D 
Unt LXJi, Ga I nNAsiO#«5c«^5)45ft 

InNAsfifiS:#<5±t'ff*l<, Afrtt^li, Ga 
A s N I n As te¥<D27c{t&®, ^>5^^, 
*S^jfifi6-CfcS I n G a A s UV^t><0<t LTfetf 

5>tL^ 0 Cttb<7)4^>T\ G a A s N I n A s 4 if<D 2 
7C{b^#I«m— m.f$LX*&>Z>tilt>, Ga I nNAsil(0 

Hgi:45o ^/c, I nGaAs^ffll/^ci^t N(D^ 
*&co^S:WJW-rS^it-e, Ga I nNAsi^I* 
Wr, I nGaAsIW*fiOi»9IUW(g-c*)!J; 
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li9iffitt:IKiSl&AijK< . G a I n N A s «5c ft fc flu U & £ 
T, Nhh^NlH^GSMBEiJCJ;^ A I G a 

[007 1] *nmBmz&\,*xftMLtz¥mfri'---y : 

(i, ^S&JBfll 5 *Tf£Si L zed) 6 tc^-t^MItt: u — 
1f«C*5lf*T\ SQWi^FI (9) ^2%coJE#iM^ 
^r^"^"6 A 1 o io G a 0.58 I no.32 No 019 A s o.98i — io 
SQW^e>M$iXT^2)j4l, K/f (8, 1 0) <D 

M$rAlo.i5 G a 0.85 AsHLi K| 
(7, 11) <Qm/&3rA l o.4o G a o.so As t Ltz&& 

[oo7 2] ^mmmm^^^xmi^tzG smbes 

<*C0j^^^r^V>/c o G a A s . A l G a A s m<Of&$:3k 
<*\*^M&m 1 tmmt U A l G a I n NA s <nf&& 
lC*5l>Th£, m&U&l*G a A s , AlGaAsi^P 
C< 6 0 0X:t U /£ftifg£0. 5/im/h, NH 3 20 
«rBfc<JDR»tr— J*<DV/ I I Itfc£2-3£:U /?rM<£> 

[0073] *mmmmic&\,*T&*#Fm\zWitotsti 

fa±£^5/c^Ot<7)T£>oT, A 1 I I I^m^c^: 

(cifcettN^^^M 1 0 0 0{g^JhftJb£-t!:5 

[0 0 7 4] Ji^OG SMB EcD/&ft^#T\ A 1 G a 30 
I nNAsi^fU A 1 Ga I n N A s JfCDji&ft £ 

*§ifH£, ^^^ifiteSrHimU A 1 G a I n N A s 
itffi^SSt5fc^^)A 1 G a A s lOM, ^m*) 
igtfTV\ A 1 G a I nNAsftAlGaAs Jl<7># 
JtHiita>b&£ A 1 G a I n NA s S^P#F/I Srfifcg L 
t AlGal nNAsi^Fi«t§AlGa 
InNAsl, A 1 GaAsIOM, ®J?*5<fctfJi$: 
fi, ^rih-^tlA I 0.09 G a 0.52 I no.39 No. 023 As 
0.977 . 7ML % 4jf, Alois Gao.85 As, 2M 40 

JI|9. 6 n mCOA 1 0.10 G a o.sb I no.32 No. 019 As 

0. 981 &*#wm*mc 0 

[0075] i — vm^<nifem*mmm 

R (9 0%) ^—TJ > y&Mi* tc#;mx\ mM&g: 

1. 3/im(3^ ^^mm.mm^mm^n, &mm 

Mtel3mA, $hmi*0. 4 0W/AT^ofc e ^7c, 

m&frb 8 5tW^iT^^Mglj: 1 7 OKt^o 

tZo £ rc0^^^8 5t:, 1 0 mWX'mW)i-Z>Z so 



ticj: *-;m^^^r?To7c^^:, 1 0 0 o omvm± 
mmr&mfrvmr&ffix v 2 o%^A^-6ii$Nij) 

[0 0 7 6 ] Jta_L<oj: -)<c, *$£qfl(c£6/£ft2fte£.fl] 

V*6rfclCj:0, N<bNJLU^(7)Vfi^^^^ I I 1-V££ 
— oT*£>6 A I G a I n N A s £ffl^# 

[0077] cmm<nmm 7 > ^nts^ffi 7 1 u 

{fr&LfcZ n STeift«r««^D y * JllCiS/fl Lfc I 
I -V I ^{b^^^^$:WfeU--tf^^L7 t c0iJlCOV^ 

[0 0 7 8] *H16^!B-Cf^fiS LfcZnSTe 
Sftj«6 5%i:tSr^l:J:»), GaAsiC^t^ 

[00 7 9] i7(C, ZnSTel^ei^Py^fi 
LT/BWc I I -v I K^fru-ifoa^W^WffiBI 

^^"To w CO^frU— tftCjo^TJi, n^GaAs 
(100) m& (1) ±fCnMZnSe^e)^6l?$ 
0. l/im^^77-I (16) , /^K^fy^ 
3. leVtGaAsW^mniZnM 
g S S e 1 . 5//m(OnI^75/Kl (l 

7) „ niZnSo.07 S e 0.93 ^b451?S0. 15^ 
miOnWKi (18) , f^8. OnmWjyK- 
T'ZnSeH^SQWi (19) , plZnSo.o? 
Seo.93 a»fe#3J»£0. 1 5^m(DpW KI (2 
0) % /^K^t 1 eVt'GaA s &^8^ 

M^ttapiZnMgSSe^t)/^!^. 0 ^ 
mOpI^7yKI (21) , p 3/ Z n S e /Z n T e 
0. 2//mOn>^^h^ (22) 

[0 0 8 0] ^(Di^cU, 
tLfc^. piZnSe/ZnTe#iIny^^M 

(2 2) ±{C* h7-f^«<Dil«»:«Sr?Bj«L, 
l^I^v^^t Lt, piZnMgSSe^7i/Kl 

(21) fci(;piZnSe/ZnTe#|^y^^ 
hH (2 2) co— U**>=^y h=^v?-^7\z£ t)Bfe* 
U ^if^ h7-r^*5t$r^Ufc 0 ^btc, MOMB 
E&tCj:*?, ZnSTeK^m^P^I (2 

3) $rpf^77 KS (21) , pm^>-?? bM (2 
2) co^y^v^^^ttTt^tcS^^n-SJ: 9(c 
^fi5cL7c 0 :OZnSTeK/D.^l (23) COJf^ 
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;#</>|5SIC . S Mr* 6 5 %CO ZnSSei^rO. 1 n m/ifc 
KS-tirfcfS. rJUtfe-^llrU z n S c/§£0. 0 1 ;i m 
RKft £ li- 6 X fg «r« 0 ig L It o fc„ Ha^By^ll tt> 

i1S*w»«*-vx^«:|»*L, ±Wfi« (1 
4) . TW^ffi (15) ^r^fi5c yy^ h7^^i 

[0 0 8 1] ;wj;9i;Lt f^ffil L Ac I i-viiS^W 

6 0 n m^BttjlBOWfe^WfteU — ¥*«»fe*Lfc. 10 
[0 0 8 2 ] (HS&<£>fl2flg 8 ) *&W<onm<DBffe 8 i: 

Sb^SilittS^f 1. 3ymt«mGa 

[0 0 8 3 ] EI8fc:*5^T\ :w«t a A s S b f§ 

[0 0 8 4] IF**, nfG a A s (10 

0) S« (1) ±(CnS¥z*ft£J|jKK*ftt (2 4) , 20 
n S! A 1 0.2 G a o.s A s * 7 y KJ1 (25) , G a A s 
Sb/GaAsI^if#FSttl (2 6) % plAl 
0.2 G a o.s A s 9 7 y KJI (27) , p ^G a A s a V 
(2 8) dS^W^TclRoeflEiaWSr^jliaRt 
Lfc# J F-^fc°**v'-V/u (MB E) ftlc£9, WgJSfe^ 
fi££*LT^<5 0 ££>(C % piGaAs^y^ni (2 
8) ±(crau 7W7^S i <t S i OzfrbteZgrm 

msL&m (29) ^«T-tr-^ss*ife^j:i9^snT 

v^o :o#iKlti (2 9) (i K^-r^^v^ic 

ie««cji, ^SJK^tt^ (2 9) <0»«*ix-Ct^ftv^» 

St««E (3 0) ^/&£*LT^S 0 £fc, n^GaAs 
«« (1) OgffifcliEffiffit ITTOTffi (14) ^ 

pSGaAsny^ni (2 8) (D^mm^mm (2 
(1 5) tmf&z tix^z> 0 

[0 0 8 5] Z<Dffi%ft\s—*F<DftmiZ3btcQ , MB E 

t>^fiffl«*i6 0 ot, 
^itttS b £Bfc< V/ I I I Jt#2 fc**«fci$tt£U 40 
GaAsSbtOSbiBjilt Ga, A s t-iN|:tt 

^Lfc#^(D9 nm^mft&mmfctom (2 4) « 

tt, Mm 1 0 n mCOG a A s KSii nfc 2 . 5% 
C0EiI^$:tt6il8 n m(OG a A so.es Sbo.32 
#FJf a*fcfc5G a A s S b/G a A s H^fiT-#F?£ 

«■ (26) frhm&zinx^&o ettJiax^ojiff 8 

n mOG a A s 0.68 Sbo.32 ^Fll^, G a A s o.65 S 50 
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bo3s Jg£ 1 3MLf£j3L£%. ffc&Sr'Wr U 2ML 
WG a A s B0>fiKft<:fTo£f£. 1 3 M L. COG a A 

[0 0 8 6] ±ffi<»£llJKJE»« (2 9) (in §H 

M^lTOi (2 4) fc|S0«IC««ttft<Dl/4 

*^EHt(ctB^i-6J»/5wr r * s i £ s i o 2 

[0 0 8 7] tA±<73«(Cfls« LfcCaAsSb «rfStt« 

d°pScOG a A s S btfmhtlltZb^X* Vt&o^fc&Jj 
WiXG a A s S b*-T-#FJi«rf^RLfc»*i:tt:«L 

[0 0 8 8] *|M6fl21&-C\ G a A s S bl^CG a A 
sJI£f? Ai-^)C<tT*^f^COm^cOG a A s S bll<7)/& 
^^^Tofc7)5 N GaAsSbiiGaAsii^fn 

aAsSbtGaAs Bflfcltt 2 . 5%<Dfettm&$>Z> 
[0 0 8 9] ^UhCDH^^flg 1 ~8 (CjoV^r, ^^PJIC 

tt, Gain N A s fc^lMiA 1 G a I n 
NA s OjScftWSr^Lfcj^ GalnNP, GalnN 

*tfl I I -V^b^^^^t-o^r t>*^P^(7) 

ffiO I I I -VlSfb-fr«l*3|C#:«fi*>5^tt I I -V I 
»fb***SM*»* fc UG a A s S b fcSt^ttZ n S 

xh^\ 

[0 0 9 0] te& s *IBW<Oj|SAfiK«*fttt, MB E 
ft, GSMBEfc MOVPE^^ {b-&*¥WfrO 

[0 0 9 1 ] 

l&w<D%)$k] u±<n£?\z y *&m\z£tii* s mwm 
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*iif>lc8Ht6li ffii ¥ Hi co Oi F , IS »f n Xffc(»m%i& 

I n N A s / A I G a A s - S QWty^K?)^^^^ 

[0 2] *1^C^^I»1 1 Cio^rfM t/:G a 
I n N A s /A 1 G a A s - SQWty^Wi^F 

[0 3] *%W(C^§3llf6^^2(C4o^Tf^LfcG a 
I n NA s/A 1 G a A s - SQWfV^KDP LSgft 

[04] **WtC«5*lfi^ffl3lCi3^T^L^lGa 
I n N A s/A 1 G a A s - SQWty^P L^3t 
»Ga I nNAsB^HCffALfcGa AsBOBJ¥ 

[0 5] ^P^^^^Jfe?f^4(C^V>T^Ly u cG a 
I nNA sJRO^^cr>RHEED#M*SCO^{t;$r^-r 

[0 8] *IBW«-ffi**lfi»<B8{C*3V>Tf^fi!L7tffi« 
1 G a A s 



2 A 1 G a A s TStf* V y KB 

3 G a I ii NA s -SQVV/g 
3 a G a I n N A s J8 

3 b Gii As® 

4 A I G a A s ±£fl* 7 y KB 
GaAs^rf> ^B 
n^GaAs^^^^r — B 
niAIGaAs^yKi 
n^G a A s ii 4 KB 
G a I n N A s — S QWf 

p^G a A s tf<< KB 
p^A IGaAs^yKI 
p^G a A s = bm 



30 



5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

2 9 

3 0 



nmz n S es<y7r—m 

nmz nMgSSe^77Ki 

niZnSSe^ KB 

Z n S e S QWI 

pmz nSSe^Kl 

piZnMgSS e^5y KB 

piZnS e/ZnTe#IMny^^ hB 

Zn STell^D y^B 

niA 1 0.2 G a 0.8 A s ^ 7 KB 

G a A s S b /G a A s ^^fi-^#F?£teB 

plA I0.2 G a 0.8 A s ^ 7 ^ KB 

p^G a A s = hB 

MHKItft 
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P* — A(#%) 51-041 AA40 CA05 CA34 CA35 CA4 1 
CA43 CAGG 
5F045 AA05 AA1G AR09 AR10 AC 12 
AC15 AC19 AD09 AD10 AF04 
BB08 BB12 CA10 DA53 DA55 
DA63 DAGS DA67 
5F103 AA04 BB04 BB07 DD05 DD30 
GC01 IIH03 J.I01 JJ03 LL02 
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